least 0.74 Se. This protein proved to be thioredoxin reductase (TR) on the basis of its catalytic activities, cross-reactivity with anti-rat liver TR antibodies, and sequence identities of several tryptic peptides with the published deduced sequence of human placental TR. Physicochemical characteristics of T-cell TR were similar to those of a selenocysteine (Secys)-containing TR recently isolated from human lung adenocarcinoma cells. The sequence of a 12-residue 75Se-labeled tryptic peptide from T-cell TR was identical with a C-terminaldeduced sequence of human placental TR except that Secys was present in the position corresponding to TGA, previously thought to be the termination codon, and this was followed by Gly-499, the actual C-terminal amino acid. The presence of the unusual conserved Cys-Secys-Gly sequence at the C terminus of TR in addition to the redox active cysteines of the Cys-ValAsn-Val-Gly-Cys motif in the FAD-binding region may account for the peroxidase activity and the relatively low substrate specificity of mammalian TRs. The finding that T-cell TR is a selenoenzyme that contains Se in a conserved Cterminal region provides another example of the role of selenium in a major antioxidant enzyme system (i.e., thioredoxin-thioredoxin reductase), in addition to the well-known glutathione peroxidase enzyme system. Selenium is a trace element that is important for a number of physiological processes and for human health. Its essentiality is based on the fact that it is a specific component of Sedependent enzymes and tRNAs. In known Se-dependent enzymes Se occurs as an active center amino acid residue, selenocysteine (Secys) (1, 2) or as a metal-coordinated labile cofactor (3, 4) . In both cases Se is essential for the catalytic activities exhibited by the specific selenoenzymes. The mechanism of incorporation of Secys is established for prokaryotes (5) , and many aspects of its incorporation in eukaryotic proteins are well understood (6) .
The UGA codon directs incorporation of this amino acid residue both in prokaryotes and eukaryotes. In addition, conserved stem-loop structures immediately following UGA in prokaryotes (5) and in 3'-untranslated regions in eukaryotes (7) function as determinants of Secys incorporation instead of termination of translation.
Among eukaryotic proteins that contain Se as a Secys residue, the most studied are members of the glutathione
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
6146
peroxidase family (8) . These enzymes that catalyze the glutathione-or thioredoxin-dependent reduction of hydroperoxides are important intra-and extracellular antioxidants in mammals and birds. A different metabolic role of selenium was established by the discovery of the selenium-dependent 5' deiodinases (9) . These enzymes function in the synthesis and maintenance of optimal levels of essential thyroid hormones required for growth and development. Selenoproteins of unknown function include selenoprotein P, the major plasma selenoprotein (10) that contains 10 Secys residues and selenoprotein W, a small Secys-containing protein present in muscle (11) .
Recently (12) . The selenium content of TR was determined with a Perkin-Elmer model 4100 ZL atomic absorption spectrometer by using a palladium/magnesium nitrate modifier and temperature conditions as described (17) . The molecular masses of purified TR and some of the tryptic peptides were determined by matrixassisted laser desorption ionization (MALDI) time-of-flight mass spectrometry with cinapinic acid as a matrix. Analytical HPLC gel-filtration for the determination of the molecular mass of the enzyme was performed as described (4 (Fig. 1A) . Both bands showed about equal intensity of 75Se radioactivity (Fig. 1B) . To The purified T-cell TR cross-reacted with the anti-rat liver TR antibodies in the immunoblot assay (Fig. 1C) To determine the location of selenium in the human T-cell TR, the reduced 75Se-labeled enzyme was carboxymethylated and cleaved with trypsin followed by separation of peptides on a reversed-phase HPLC column (Fig. 2) . The 75Se was eluted from the column in fractions of a single major radioactive peak. Further purification using a SP HPLC column separated the 75Se-labeled peptide from the major impurities (data not shown). The Trypanosoma cruzi trypanothione reductase, C. elegans TR, t of glycine, and no additional amino acids were deand dihydrolipoamide dehydrogenase (16) . The TRs from E. in cycles 13 and 14. From these data it is apparent that coli and other bacteria, in contrast, lack a strong homology A codon corresponds to Secys in the protein rather than with the human TR, indicating significant differences in strucas a termination codon as was concluded previously ture. Based on detailed studies of glutathione reductases and hus the three final triplets of the gene, TGA GGT TAA, the strong homology with human TR, it was suggested that the y encode Secys and a C-terminal glycine with TAA putative N-terminal FAD-binding domain of the latter conas the actual termination codon (Table 1) .
tains the redox active disulfide moiety that is reduced by sequence of an additional major peptide was detertransfer of reducing equivalents from NADPH via FAD (16) . by Edman degradation analysis of the impure 75Se-Utilization of the resulting dithiol to reduce the disulfide of a peptide fraction eluted from the reversed-phase HPLC thioredoxin substrate would by analogy involve a conserved (Fig. 2) . In addition to the sequence of the 75Se-labeled histidine residue, H472 ( degradation sequence analysis (pmol) *Carboxymethylated Cys-497 was determined during Edman degradation based on the elution position of a carboxymethylated cysteine standard. tU represents Secys. This residue is not detected during Edman degradation. tYields for serine and isoleucine residues are usually lower than for other residues. The low yield of Gly-499 in cycle 12 is indicative of its poor binding to the sequencing column because this is the C-terminal residue in the peptide. (26) . With the latter hydroperoxide substrates, a large rate enhancement of the reduction to the corresponding alcohols was observed when Secys (50-fold molar excess over enzyme) was included in the reaction mixtures. Similar large rate enhancements had been reported (27) for reduction of free and protein bound disulfides by selenols. The precise mechanism of the TR catalyzed peroxidase reaction, which presumably involves the Secys residues of the enzyme (two per protein dimer) together with the excess ionized free Secys formed enzymatically by reduction of selenocystine, is not established. In view of the fact that free Secys is present in biological systems in very low concentrations, the importance of TR as a peroxidase in vivo is unclear.
However, based on these observations, one more type of antioxidant system with the potential of a protective role in the cell should be considered.
It is of interest that levels of TR in three different transformed cell lines (12, 19, 20) are approximately 10 times higher than the levels of enzyme reported in bovine liver (21) , rat liver (14) , human placenta (13), and human T cells. Whereas 3000-to 4000-fold enrichment was required to obtain homogeneous enzymes from the mammalian tissues, pure enzyme was obtained from transformed cells after only 150-to 500-fold enrichment (12, 19, 20 
